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ABSTRACT

Introduction: Postoperative impaired sleep
quality and pain are associated with adverse out-
comes. Stellate ganglion block (SGB) has shown
promising results in enhancing sleep quality and
alleviating neuropathic pain. This study aimed to
investigate the effects of ultrasound-guided SGB
on postoperative sleep quality and pain in
patients undergoing breast cancer surgery.
Methods: This study is a parallel-group random-
ized controlled clinical trial with two groups: SGB
and control. Fifty female patients undergoing
breast cancer surgery were randomized in a 1:1

ratio to receive preoperative ultrasound-guided
single-injection SGB (SGB group) or just an ultra-
sound scan (control group). All participants were
blinded to the group assignment. The primary
outcome was postoperative sleep quality, assessed
by the St. Mary’s Hospital Sleep Questionnaire
and actigraphy 2 days postoperatively. The sec-
ondary outcome was postoperative pain, mea-
sured by the visual analog scale.
Results: A total of 48 patients completed the
study, with 23 patients in the control group and
25 in the SGB group. The postoperative St. Mary’s
Hospital Sleep Questionnaire scores were signif-
icantly higher in the SGB group than in the
control group on 1 day postoperative
(30.88 ± 2.44 versus 27.35 ± 4.12 points,
P = 0.001). The SGB also increased the total sleep
time and sleep efficiency (main actigraphy indi-
cators) during the first two postoperative nights.
Compared with the control group, preoperative
SGB reduced postoperative pain and the inci-
dence of breast cancer-related lymphedema (20%
versus 52.2%, P = 0.02, odds ratio 0.229, 95%
confidence interval 0.064–0.821). There were no
adverse events related to SGB.
Conclusion: Preoperative ultrasound-guided
SGB improves postoperative sleep quality and
analgesia in patients undergoing breast cancer
surgery. SGB may be a safe and practical treat-
ment to enhance the postoperative quality of
life in patients with breast cancer.
Trial Registration: The study was registered in
the Chinese Clinical Trial Registry
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Key Summary Points

Why carry out this study?

Most patients with breast cancer develop
pain and sleep dysfunction after surgery,
which is detrimental to recovery.

Stellate ganglion block is an effective
analgesic intervention that improves
postoperative pain relief and sleep quality.

This study aimed to investigate the effects
of stellate ganglion block on postoperative
analgesia and sleep quality in patients
undergoing breast cancer surgery.

What was learned from the study?

Preoperative stellate ganglion block
improves postoperative sleep quality and
analgesia in patients with breast cancer.

A comprehensive investigation of sleep
quality requires both subjective and
objective methods.

Patients with breast cancer benefit from
stellate ganglion block as a safe and
effective analgesic treatment.

INTRODUCTION

Breast cancer has now become the most fre-
quently diagnosed cancer globally and the
leading cause of cancer-related mortality among
females [1]. Breast cancer survivors are con-
fronted with a range of long-term symptoms
such as sleep dysfunction (SD), chronic pain,
lymphedema, and depression, which impair
their quality of life and mental health [2–4].
Specifically, approximately 80% of patients
with breast cancer reported sleep disorders, such

as sleep onset insomnia, impaired sleep main-
tenance, and early wakeup [5]. Additional evi-
dence has suggested that SD lowers pain
thresholds and increases spontaneous pain
symptoms [6, 7]. In general, SD has been seen as
strongly associated with all-cause morbidity and
mortality [8].

Sleep assessment typically includes both
objective and subjective measurements [9].
Actigraphy is the most widely used accelerom-
eter for measuring sedentary time, physical
activity, and sleep/wake parameters [10]. Due to
the high correlation in different sleep phases
with polysomnography, actigraphy has become
a feasible alternative to self-reporting assess-
ment [11]. As for subjective measurement, the
St. Mary’s Hospital Sleep Questionnaire
(SMHSQ) is a 14-item questionnaire designed to
evaluate sleep and wakefulness behaviors in the
24 h preceding assessment, which includes
assessments of sleep quality, daytime function,
sleep onset, and night awakening frequency
[12, 13]. SMHSQ has been used successfully to
detect changes in sleep patterns in hospitalized
patients [14].

Stellate ganglion block (SGB) has been safely
performed for more than 70 years [15]. Evi-
dence has shown that SGB is an effective
analgesic intervention that improves perioper-
ative pain relief and reduces narcotic needs
[16]. Moreover, SGB is of great importance in
decreasing hot flushes and sleep insufficiency
in female patients with breast cancer [17].
However, among the existing investigations
correlating with SGB, there is a lack of evi-
dence of the effect of SGB on postoperative
sleep quality or analgesia, as well as the
underlying molecular mechanisms. Despite the
safety and possible efficacy of SGB, more
prospective clinical studies are necessary for
solid validation [18–21].

Therefore, the aim of the present study was
to investigate the effect of preoperative ultra-
sound-guided SGB on postoperative sleep qual-
ity and analgesia in patients with breast cancer,
and the effect on serum inflammatory factor
levels, providing an applicable clinical approach
to accelerate the postoperative recovery of
patients with breast cancer.
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METHODS

Study Design and Participants

A parallel-group randomized controlled clinical
trial involving two groups: SGB and control,
was conducted at the First Affiliated Hospital of
Fujian Medical University in China, from 26
May 2021 to 23 March 2022. This study was
approved by the ethics committee of The First
Affiliated Hospital of Fujian Medical University
(21 May 2021, FMU|2021|200), and was regis-
tered in the Chinese Clinical Trial Registry
(ChiCTR2100046620) on 23 May 2021. The
study protocol was performed in accordance
with the Declaration of Helsinki. A total of 58
female patients aged 18–65 years with ASA I–II
who were scheduled for modified radical mas-
tectomy for breast cancer were included in this
study. The exclusion criteria included rejection
of participation, allergic to anesthetics, history
of insomnia, abnormal coagulation disorders,
and anatomical deformities of the neck or
shoulders. Written informed consent was
obtained from all enrolled participants.

Participants were randomized to receive
preoperative single-injection SGB under ultra-
sound guidance (SGB group) or just an ultra-
sound scan (control group). A list of
randomization sequences was generated in a 1:1
ratio by the statistical consultant using the
random number table method and then sealed
in opaque, sequentially numbered envelopes.
All participants, anesthesiologists, outcome
collectors, and data analysts were blinded to the
group assignment throughout the whole
observation period, including all postoperative
follow-ups.

Stellate Ganglion Block Procedure

A skilled anesthesiologist who was blinded to
group allocation performed all SGBs under
sterile conditions using real-time ultrasound
(Model Edge; Fujifilm SonoSite, Bothell, Wash-
ington, USA). The single-injection SGB began
15 min after the induction of anesthesia in the
operating room. In the SGB procedure, patients
were placed in the supine position with their

necks slightly rotated to the left side. A linear
transducer (6–13 MHz) was placed on the neck
to achieve a clear visualization of the carotid
artery, internal jugular vein, vertebral artery,
vagus, thyroid gland, esophagus, longus colli,
and anterior scalene at the C6 level. A 48-mm,
20-gauge needle (BD Medical, Sandy, UT, USA)
was then inserted into the prevertebral fascia of
the longus colli muscle in an ‘‘in-plane’’ direc-
tion [22]. Once the needle tip penetrated the
prevertebral fascia with a negative aspiration,
3 mL of 0.5% ropivacaine was administered,
followed by the spread of the local anesthetic
being visualized under ultrasound.

General Anesthesia

After entering the operating room, all patients
were monitored with electrocardiogram, inva-
sive blood pressure, peripheral pulse oximetry,
and bispectral index (BIS). General anesthesia
was administered with midazolam 2 mg,
propofol 1.5–2 mg kg-1, sufentanil 0.4–-
0.6 lg kg-1, and cisatracurium 0.2–0.4 mg kg-1.
Flurbiprofen 1.5–2.5 mg kg-1 and tropisetron
5 mg were administered 30 min before the end
of the surgery. The BIS values were maintained
in the range of 40–60. Using pressure-controlled
mechanical ventilation, an end-tidal carbon
dioxide partial pressure of 35–45 mmHg was
maintained. After the removal of the laryngeal
mask/tracheal tube, the patients were trans-
ferred to the postanesthesia care unit (PACU)
for further monitoring, where the first follow-
up visit was carried out to assess Horner’s syn-
drome and adverse events. A successful sympa-
thetic block can be diagnosed by the presence of
Horner’s syndrome on the blockage side (i.e.,
fascial flush, enophthalmos, ptosis, miosis, and
conjunctival congestion) [17]. During the first
postoperative 48 h, patients received patient-
controlled analgesia (PCA) pump, which con-
sisted of flurbiprofen 4 mg kg-1, tropisetron
0.3 mg kg-1, and sufentanil 2 lg kg-1.

Outcomes

The primary outcome was postoperative sleep
quality. The Pittsburgh Sleep Quality Index was
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used to assess patients’ baseline subjective sleep
quality 1 day before the surgery. The SMHSQ
and actigraphy (ActiGraph, Pensacola, FL, USA)
were used to record subjective and objective
sleep quality for 3 consecutive days (1 day pre-
operative, surgery day, and 1 day postopera-
tive), respectively. The actigraphy was worn on
the contralateral wrists of the patients to assess
sleep efficiency (SE), sleep onset latency (SOL),
total sleep time (TST), number of awakenings
(NA), and wake after sleep onset (WASO)
through a computer program. The SMHSQ
scores from 6 to 38 were used to indicate how
well the patient slept.

The secondary outcome was postoperative
pain intensity. Cumulative analgesic consump-
tion and numbers of PCA administration were
documented. Rest pain intensity was evaluated
at 6, 24, and 48 h after surgery using the visual
analog scale (VAS).

A 5-mL sample of blood was drawn before
surgery and 24 h after surgery to determine the
serum concentrations of melatonin, cortisol,
serotonin, tumor necrosis factor-a, and inter-
leukin-6. Intraoperative vital signs, Horner’s
syndrome, adverse events (i.e., postoperative
delirium, cognitive dysfunction, nausea and
vomiting, arrhythmia, nerve block complica-
tions), the incidence of breast cancer-related
lymphedema (BCRL), and postoperative hospi-
tal stays were documented.

Statistical Analysis

The sample size calculation for this trial was
based on the SE recorded by actigraphy on sur-
gery day. The SE (mean ± standard deviation)
of the control group and the SGB group in our
pilot study (n = 5) was 80.60 ± 21.06 (%) and
93.88 ± 5.69 (%), respectively. On the basis of
our power analysis (a = 0.05 and b = 0.1), a
sample size of 23 participants per group was
required. To allow for a 10% dropout rate, a
sample size of 50 cases was determined.

All statistical analyses were performed using
SPSS 26.0 software (IBM Corp., Armonk, New
York, USA). The normality of the distribution of

quantitative variables was assessed via the Sha-
piro–Wilk test and Q–Q plots. Normally dis-
tributed variables are represented as
mean ± standard deviation and analyzed by
using the independent-samples t-test. Non-nor-
mally distributed variables are represented as
median [IQR] and analyzed using the
Mann–Whitney U test. Categorical variables are
summarized as number (%) and analyzed using
the chi-square or Fisher’s exact test, as appropri-
ate. Actigraphy performances, VAS scores, and
serological parameters were evaluated using a
two-way (between-group comparisons with time
and group as two factors to be analyzed) repeated-
measures ANOVA or generalized linear mixed
model analysis. Correlation analysis was per-
formedusing Pearson’sor Spearman’s correlation.
Inaddition, relative risk (RR)with95% confidence
intervals (CIs) was used to compare the incidence
of BCRL between groups. P\0.05 (two-tailed)
was considered statistically significant.

RESULTS

Patient Characteristics

In total, 58 female patients were assessed for
eligibility for this study from May 2021 to
March 2022. Among them, five patients did not
meet the inclusion criteria and three patients
refused to participate. The remaining 50
patients were randomized into either the SGB
group or the control group accordingly. An
additional two patients from the control group
were excluded from the analysis due to protocol
breach (not wearing actigraphy; actigraphy data
error). Consequently, 48 patients completed the
full study protocol. The CONSORT flowchart for
all participants is shown in Fig. 1. The baseline
demographic data of the patients are listed in
Table 1 and are well balanced between the SGB
and control group. All patients in the SGB group
presented Horner’s syndrome in PACU. There
were no differences in adverse events and
postoperative hospital stays between the two
groups (Table 1).
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Stellate Ganglion Block Improves
Postoperative Sleep Quality

The SMHSQ and actigraphy were used to assess
the subjective and objective sleep quality of
patients with breast cancer, respectively (Fig. 2).
The postoperative SMHSQ scores were signifi-
cantly higher in the SGB group than in the
control group, especially on 1 day postoperative
(30.88 ± 2.44 versus 27.35 ± 4.12 points,
P = 0.001). There were significant differences in
TST and SE between the SGB group and the
control group during the first two postoperative
nights, especially on 1 day postoperative
(P = 0.001 and 0.007, respectively), whereas
lower NA and WASO were observed in the
patients who received SGB on surgery day
(P = 0.010 and 0.029, respectively), In addition,

significant interactions between time and group
in WASO, TST, and SE were found (all P\0.05).

The correlation between SMHSQ and actig-
raphy was also analyzed (Fig. 3). Further analy-
sis showed that the SMHSQ scores were
positively correlated with SE (r = 0. 226,
P\ 0.01) and TST (r = 0.279, P\ 0.01), but
negatively correlated with WASO (r = - 0.169,
P\ 0.05).

Stellate Ganglion Block Alleviates
Postoperative Pain

Postoperative pain at rest was measured at 6, 24,
and 48 h after surgery by the VAS (Fig. 4). The
VAS pain scores were significantly lower at each
timepoint in the SGB group than in the control
group (P\ 0.001). However, no significant dif-
ferences in the VAS scores were observed

Fig. 1 CONSORT diagram of study flow
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between the time points from 6 to 48 h within
the SGB and control group of patients
(P = 0.735). As shown in Table 1, there was no
significant difference in the number of PCA
administrations between the two groups
(P = 0.766).

Serological Indicators

As shown in Fig. 5, the serum concentrations of
melatonin from preoperative to 24 h postopera-
tive have increased significantly in the SGB group
(43.52 ± 3.48 versus 46.34 ± 4.18 pg ml-1,

P = 0.005). Furthermore, considering the effect of
the circadian rhythm of human serum melatonin
secretion, data from patients who underwent
surgery before 10 a.m. were selected for further
analysis; the results remained the same in this
subset of patients (43.91 ± 3.43 versus
50.20 ± 3.13 pg ml-1, P = 0.020). Moreover, the
serum concentrations of interleukin-6 at 24 h
postoperative were significantly lower in patients
who received SGB than those in the control group
(P = 0.024), with a significant difference in the
times from preoperative to 24 h postoperative
within the same group of patients (P = 0.003).

Table 1 Patient demographic data

Variables Control group (n = 23) SGB group (n = 25) P value

Age (years) 48.61 ± 8.19 47.72 ± 7.90 0.704

BMI (kg m-2) 23.03 ± 2.98 23.87 ± 3.24 0.358

ASA I/II 5/18 2/23 0.237

History of chemotherapy, n 3 (13.04%) 2 (8.00%) 0.660

Education, n 0.783

Lower than primary school 13 (56.52%) 12 (48.00%)

Middle school to high school 8 (34.78%) 9 (36.00%)

Junior college to university 2 (8.70%) 4 (16.00%)

Pittsburgh sleep quality index scores 8.52 ± 4.06 7.64 ± 3.97 0.450

Surgical laterality (left/right) 10/13 9/16 0.769

Axillary lymph node dissection, n 11 (47.83%) 7 (28.00%) 0.234

Duration of surgery (min) 113.65 ± 3.86 113.00 ± 25.26 0.949

Adverse events, n

Hot flushes 0 3 (12%) 0.235

Dizziness 2 (8.70%) 0 0.224

Bradycardia 1 (4.35%) 0 0.479

Numbers of PCA administration, n 0.17 ± 0.65 0.12 ± 0.60 0.766

Postoperative hospital stays (days) 6.22 ± 2.32 6.72 ± 2.97 0.519

Data are expressed as mean ± standard deviation, median [IQR], or number (%) where appropriate. The P value was
calculated by the chi-square test, Fisher exact test, or Mann–Whitney U test
SGB stellate ganglion block, BMI body mass index, ASA American Society of Anesthesiologists, PCA patient-controlled
analgesia
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Stellate Ganglion Block Reduces
the Incidence of Breast Cancer-Related
Lymphedema

The incidence of BCRL was documented during
the first 2 postoperative days. As shown in Table 2,
compared with the control group, preoperative
SGB significantly reduced the incidence of BCRL
(20% versus 52.2%, P = 0.020, odds ratio 0.229,
95% confidence interval 0.064–0.821).

Also, contralateral edema occurred more
often than ipsilateral edema in both groups;
however, the difference was not statistically
significant (P = 0.686).

Right-Sided Stellate Ganglion Block Exerts
Similar Effects on Both Sides

The effects of the right-sided SGB on the con-
tralateral side (left side) and ipsilateral side

(right side) were further analyzed. The results
suggested that, of all subjective and objective
parameters assessed, only NA (P = 0.002), SL
(P = 0.029), and TST (P = 0.039) were statisti-
cally different in patients with ipsilateral breast
cancer in comparison with patients with con-
tralateral breast cancer (Fig. 6). Moreover, no
significant differences in the serological indica-
tors, VAS scores, or incidence of BCRL were
observed between the two sides (all P[0.05).

DISCUSSION

The current study demonstrated that preopera-
tive ultrasound-guided SGB can enhance sub-
jective and objective postoperative sleep quality
in patients undergoing breast cancer surgery.
Further, this effect became gradually significant
over time. Preoperative single-injection SGB
also provided superior analgesic effects and

Fig. 2 The SMHSQ (A) and actigraphy (B–F) perfor-
mance from 1 day preoperative to 1 day postoperative in
the control and SGB group. SMHSQ St. Mary’s hospital

sleep questionnaire, SGB stellate ganglion block, D1 1 day
preoperative, D2 surgery day, D3 1 day postoperative
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reduced the incidence of BCRL. In addition,
patients in the SGB group had significantly
higher serum concentrations of melatonin and
lower serum concentrations of interleukin-6
24 h postoperative than preoperative. These
findings indicated that SGB is a potentially
effective intervention for patients with breast
cancer.

The basic mechanism of sleep regulation
involves a balance among the autonomic ner-
vous system, homeostatic sleep drive, and cir-
cadian sleep–wake rhythms [23]. Cheng et al.
[24] constructed a whole-brain functional con-
nectivity network using the Shen atlas, sug-
gesting that the brain regions associated with
sleep quality have extensive transneuronal
connections with stellate ganglion [25, 26].
Besides, stellate ganglion block also mediates
melatonin rhythm disorders resulting from
increased sympathetic nerve tone [27] and
increases the serum concentration of melatonin
overnight [28], which is consistent with the
results of our study. Both findings from the
current study and previous studies have
demonstrated the effect of SGB on improving
sleep quality, as well as the possibility of inter-
rupting the transmission of stellate ganglion
signals to the autonomic nervous system, cen-
tral brain, and neuroendocrine system through
the SGB.

Several studies have suggested that subjec-
tive and objective measures should be com-
bined to assess sleep quality comprehensively
[29, 30]. The golden standard of sleep assess-
ment is the polysomnography [31]. In a previ-
ous study assessing the correlation between
actigraphy and polysomnography, actigraphy
was found to overestimate TST and SE, and
underestimate SOL and WASO [32]. Despite
these differences, actigraphy still presents
prominently reliability and sensibility in the
diagnosis of sleep patterns and evaluation of
treatment effects [33–35]. The present study
demonstrated that preoperative SGB displayed
excellent performance at improving both the
actigraphy performances (i.e., TST, SE, and
WASO) and the SMHSQ scores. Further, the
high relevance of these two measures and the
elevated serum melatonin concentrations also
indicated high-quality sleep after the adminis-
tration of SGB.

Preoperative SGB showed superior pain
management by reducing the VAS pain scores at
rest in the first 48 h after surgery. Studies
showed that SGB blocks the activity of the
sympathetic nervous system, which can be

Fig. 3 Correlation analysis of SMHSQ and actigraphy
indicators. SMHSQ, St. Mary’s hospital sleep question-
naire, SE sleep efficiency, SOL sleep onset latency, TST
total sleep time, NA number of awakenings, WASO wake
after sleep onset; *P\ 0.05, **P\ 0.01

Fig. 4 VAS pain scores at postoperative 6, 24, and 48 h in
the control group and SGB group. SGB stellate ganglion
block, VAS visual analog scale
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triggered by trauma or surgery [36, 37]. Sermeus
et al. [37] found that the signal transmissions
from the sensory and thermal fibers of many
deep somatic elements (C or A-d) were impaired
after SGB, as measured by quantitative sensory
testing. Additionally, our study found that the

serum interleukin-6 concentrations decreased
significantly in the SGB group than in the
control group. Evidence has indicated the
importance of interleukin-6 in mediating neu-
ropathic pain [38]. Prior studies have also sug-
gested that multimodal analgesia (a

Fig. 5 Concentrations of serological indicators at preoperative and 24 h postoperative in the control group (black circles)
and SGB group (blue squares). SGB stellate ganglion block, T1 preoperative, T2 24 h postoperative

Table 2 Incidence of breast cancer-related lymphedema in both groups

Group Breast cancer-related lymphedema# Edema&

Non-edema Edema P value Ipsilateral edema Contralateral edema P value

Control group 11 (47.8%) 12 (52.2%) 0.020* 5 (41.7%) 7 (58.3%) 0.686

SGB group 20 (80.0%) 5 (20.0%) 2 (40.0%) 3 (60.0%)

Data are expressed as the number (%) of patients. The P value was calculated by the chi-square test (#) or Fisher exact test
(&)
SGB stellate ganglion block
*P\ 0.05
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combination of different opioid and non-opioid
analgesics as well as regional anesthesia) is the
key to enhanced recovery [39]. Hence, the
application of SGB could be a promising com-
ponent of multimodal analgesia approach.

Previous studies have found that injecting
saline into the stellate ganglion exerts a certain
degree of sympathetic nerve block [40]. Hence,
to avoid unnecessary trauma, a control group
with only an ultrasound scan was chosen
instead of a placebo injection. Nerve block
treatments with ropivacaine typically last 4–6 h,
so Horner’s syndrome can still be diagnosed
under PACU observation. Furthermore, SGB-as-
sociated complications, such as local anesthetic
systemic toxicity, brachial plexus block,
hoarseness, and hematoma, were not observed
in our study. One possibility might be that the
nerve block-related complications might be

covered by the anesthesia state and eventually
elapsed after surgery.

In contrast to the traditional concept that
the ipsilateral nerve block exerts a superior
analgesic effect than the contralateral, our study
demonstrated that the right-sided SGB had
similar effects on sleep, pain, serological indi-
cators, and the incidence of BCRL between the
contralateral and ipsilateral sides. This provides
solid evidence to guide clinical practice while
avoiding the risks associated with left-sided
SGB.

Nevertheless, there are several limitations to
the current study. First, the concentration and
dose of ropivacaine have been fixed; given the
effectiveness of SGB, experiments should be set
up to study the dose–response curve of ropiva-
caine. Second, the sample size was calculated on
the basis of the primary outcome; it is possible

Fig. 6 Sleep performances of the contralateral and
ipsilateral sides from 1 day preoperative to 1 day postop-
erative in the SGB group. SMHSQ St. Mary’s Hospital

Sleep Questionnaire, SGB stellate ganglion block, D1 1 day
preoperative, D2 surgery day, D3 1 day postoperative
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that the current study was underpowered and
subject to type-II error in terms of secondary
outcome metrics, and therefore, larger-size trials
are required in the future. Third, we collected
only VAS scores at rest, which may not fully
assess patients’ pain; comprehensive assess-
ments should be used in future studies.

CONCLUSION

The current study has demonstrated that pre-
operative ultrasound-guided SGB can effectively
improve postoperative quality, alleviate anal-
gesia levels, and reduce the incidence of BCRL
in patients with breast cancer.
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